The clinical manifestations of Marfan syndrome frequently cause pain. This study aimed to characterize pain in a cohort of adults with Marfan syndrome and investigate demographic, physical, and psychological factors associated with pain and pain-related disability. Two hundred and forty-five participants (73% female, 89% non-Hispanic white, 90% North American) completed an online questionnaire assessing clinical features of Marfan syndrome, pain severity, pain-related disability, physical and mental health, depressive symptoms, pain catastrophizing, and insomnia. Eighty-nine percent of respondents reported having pain with 28% of individuals reporting pain as a presenting symptom of Marfan syndrome. Almost half of individuals reported that pain has spread from its initial site. Participants in our study reported poor physical and mental health functioning, moderate pain-related disability, and mild levels of depressive symptoms, sleep disturbances, and pain catastrophizing. Those who identified pain as an initial symptom of Marfan syndrome and those who reported that pain had spread from its initial site reported greater psychological burden compared with those without pain as an initial symptom or pain spreading. Physical health is the largest predictor of pain severity and painrelated disability. While pain catastrophizing and worse mental health functioning are significant correlates of pain severity and pain-related disability, respectively. Pain is a significant and persistent problem in Marfan syndrome and is associated with profound disability and psychological burden. Further studies are indicated to better characterize the directionality of pain, pain-related disability, and psychological burden in Marfan syndrome. Ó 2016 Wiley Periodicals, Inc.
INTRODUCTION
Marfan syndrome (MFS) is a connective tissue disorder with autosomal dominant inheritance, a prevalence of 1 in 5,000 individuals, and no predilection for geography, gender, or race [Iams, 2010] . The diagnosis of MFS is based on the revised Ghent criteria [Loeys et al., 2010] and is complex due to high phenotypic variability. FBN1 gene mutations lead to connective tissue abnormalities throughout the body with manifestations in almost all physiological systems [Dietz and Pyeritz, 1995] . Cardiovascular, pulmonary, ocular, and musculoskeletal manifestations of the disorder are common and debilitating [Grahame and Pyeritz, 1995; Ramirez and Dietz, 2007; Pearson et al., 2008; von Kodolitsch et al., 2015] . Such multisystem involvement has profound consequences including reduced quality of life [Rao et al., 2016] , modified lifestyle [Peters et al., 2001a] , early retirement [Velvin et al., 2015b] , and severe fatigue [Bathen et al., 2014] . Cardiovascular manifestations, including aortic dilatation, valvular heart disease, left ventricular dilatation, and heart failure are potentially life threatening, and thus have been the primary focus of research in MFS. With advancements in medical and surgical management leading to an increase in life expectancy of 30 years [Silverman et al., 1995; Willis et al., 2009] research efforts have shifted focus towards the burden of MFS on daily functioning.
Pain symptoms are common in MFS, with prevalence ranging from 47% to 91.5% [Peters et al., 2001b; Nelson et al., 2015; Velvin et al., 2016] . Pain symptoms may arise from myriad sources including but not limited to arthritis, chest deformities, scoliosis, dural ectasia, and bony overgrowth [Grahame and Pyeritz, 1995; Foran et al., 2005; Dean, 2007; Hasan et al., 2007] . A recent study from Nelson et al. [2015] reported that the majority of individuals with MFS have daily pain, which is frequently undertreated. Not surprisingly, older patients report greater pain severity and decreased physical functioning [Rand-Hendriksen et al., 2010 ]. Yet, to our knowledge, no study has inquired about pain symptoms over the course of MFS.
While the medical complications, genetic etiologies, and medical management of MFS have been extensively researched, the pain symptoms and psychological factors of MFS that affect quality of life and disability have only been superficially investigated and most findings are from small studies with low response rates. It has long been recognized that individuals with MFS view the disorder as a burden [Van Tongerloo and De Paepe, 1998 ] with significant negative consequences on their lives [Peters et al., 2001b] . Decreased quality of life is frequently reported in individuals with MFS [Peters et al., 2001a; De Bie et al., 2004; Foran, et al., 2005; Velvin et al., 2015a] . Interestingly, one small study (N ¼ 84 adults) has shown that reduced quality of life did not correlate with the physical symptoms (i.e., aortic dilatation, dural ectasia, and musculoskeletal criteria) of MFS [Rand-Hendriksen et al., 2010] . Psychological burden in MFS has been associated with the subjective perception of severity of disease rather than the objective physical severity of the disease [De Bie et al., 2004] . With advances in medical management and surgical techniques leading to improved longevity in individuals with MFS, it is essential to investigate the role of pain, quality of life, and psychological factors in patients with MFS. The overall purpose of this study was to characterize pain and pain-related disability in a large cohort of individuals with MFS and investigate sociodemographic, physical, and psychological factors associated with pain and pain-related disability.
MATERIALS AND METHODS Survey/Data Collection
Before the final survey was hosted on The Marfan Foundation website (http://www.marfan.org), appropriate approval was obtained by the Johns Hopkins University Institutional Review Board. The study was advertised as a survey for all patients with MFS, regardless of whether they had pain. The survey was maintained on the website from November 2013 to February 2015.
The web-based survey included six sections of 101 total items. Sections included questions about demographics; diagnostic information; common symptoms and features of pain in MFS, change in pain symptoms over time; current symptoms; and quality of life.
Participants
Four hundred and forty-one participants completed the survey over a 15-month period. Given survey anonymity, all data were self-report and were not verified by examination or use of medical records. Confirmation of MFS diagnosis was based on self-report questions including if the individual was diagnosed with MFS, how MFS was diagnosed, and if there is a family history. Inclusion criteria were the following: (i) report of personal history of MFS; (ii) report of family history of MFS [Loeys et al., 2010] 
Demographics
Participants were asked to self-report their sex, age, race, nationality, and employment status. The majority of respondents were from North America (90.2%). Additional respondents reported residence in Europe (4.5%), Australia (2%), South America (1.6%), Africa (0.8%), and Asia (0.4%).
Self-Reported Clinical Information
Thirty-seven symptoms associated with MFS were included in the survey (Table I) . Participants were asked about initial and current MFS symptoms included in survey: aortic dilatation, arachnodactyly, gastroesophageal reflux, bicuspid aortic valve, cysts, cystic medial necrosis, degenerative disc disease, deviated septum, dural ectasia, early cataracts, early glaucoma, early osteoarthritis, ectopic lentis, emphysema, iris coloboma, above average height, heart palpitations, hernias, high palate, joint hypermobility, kyphosis, heart murmur, malocclusion, micrognathia, mitral valve prolapse, myopia, obstructive lung disease, osteopenia, osteoporosis, pectus carinatum/pectus excavatum, pes planus, pneumothorax, retinal detachment, scoliosis, sleep apnea, stretch marks, temporomandibular joint disorder.
pain symptoms including locations of pain, if pain has spread, symptoms associated with pain, quality of pain, and pain severity and intensity. They also reported treatments they have received for pain.
Pain severity. Self-reported clinical pain severity was assessed as the average of patients' ratings of "current pain," "pain at its worst," "least pain," and "general pain." Respondents completed a 5-point scale used to denote increasing pain severities with anchor labels of (1) mild to (5) excruciating [Hjermstad et al., 2011] . This type of categorical scale is considered ordinal data [Dijkers, 2010] .
Numeric rating scale for pain (NRS). A unidimensional measure of pain in which participants select a whole number that best reflects the intensity of pain [Jensen and McFarland, 1993; Farrar et al., 2001 ] within the past 7 days. The pain NRS is a single 11-point numeric scale anchored by terms describing pain intensity with 0 ¼ no pain and 10 ¼ worst pain imaginable. The NRS was also used to retrospectively report pain when it first began. Spearman correlation between the categorical and current NRS was r s ¼ 0.76, P < 0.001).
Oswestry disability index (ODI). Version 1 of the ODI was included as a well-validated measure of disability. The 10-item ODI assesses pain intensity, sleep quality, social life, sexual function, as well as the ability to lift, care for oneself, walk, sit, stand, and travel on a 6-point Likert scale (verbal descriptions of 0 ¼ least disability to 5 ¼ most disability). The total score is calculated as a percentage ranging from 0 to 50, with higher scores indicating more painrelated disability [Fairbank, 2000] .
Short form-12 (SF-12). The SF-12 is a well-validated 12-item questionnaire that assess physical and mental health status. The scale yields two summary scores-mental health (MCS12) and physical health (PCS12)-which are calculated as age-specific mean difference scores and then linearly transformed with respect to the general population (with M ¼ 50 and SD ¼ 10). Higher scores in each category indicate a healthier state [Ware et al., 1996; Jenkinson et al., 1997] .
Beck depression inventory-II (BDI). The BDI is a well-studied and validated, 21-item questionnaire that assess the intensity of depressive symptoms over the past week using a four point Likert scale (0-3, least to highest severity). The total score can range from 0 to 63. Higher scores indicate more depressive symptoms [Beck et al., 1988] .
Pain catastrophizing scale (PCS). The PCS assesses exaggerated negative cognitive and affective responses to pain using 13 items rated on a 5-point scale (0Ànot at all to 4Àall the time) with higher scores indicating greater pain catastrophizing [Sullivan et al., 1995] .
Insomnia severity index (ISI). The ISI is a validated, 7-item questionnaire that uses a five point Likert scale to assess the nature, severity, and impact of insomnia [Yu, 2010] . Higher scores indicate greater sleeping difficulties.
Data Analysis
Descriptive statistics are used to summarize demographic characteristics and frequency of physical symptoms. The Jeffreys method was used to calculate binomial confidence limits for the population [DasGupta et al., 2001] . NRS ratings by MFS symptom, are reported as mean and standard deviation and median with interquartile range (IQR), and compared between groups using the Mann-Whitney U test. Effect size was provided as the difference between median and the 95% confidence interval of the difference as determined by the Hodges-Lehman Median Difference. Comparisons of pain severity and physical and psychological factors by group are reported as median and IQR, and compared between groups using the Mann-Whitney U test. Spearman bivariate correlations were conducted to examine the association between psychological measures and pain characteristics. Finally, hierarchical linear regression was conducted in order to evaluate psychological predictors of pain severity and pain-related disability in MFS. Demographic variables were entered in block one, physical, and pain components were entered in block two, and psychological variables were entered in the third and final block. Data were analyzed using SPSS (IBM statistics, Version 24). As an adjustment for multiple comparisons, a significance level of <0.01 was used.
RESULTS Participants
Participant (N ¼ 245) demographic, medical information, and MFS-specific symptoms are reported in Tables I and II, respectively.
Initial Pain
Most respondents (89.0%) reported experiencing pain. Pain most frequently began in the back (50.6%) and 35.1% of patients reported that pain began in multiple locations simultaneously. Respondents recalled experiencing a moderate degree of pain at onset (5.3, SD ¼ 2.4). Despite the high prevalence of pain symptoms, 41.0% reported never receiving a pain diagnosis. Respondents described pain at onset most frequently as aching, sharp, stiff, or throbbing. 
Pain Spreading
Forty-four percent of individuals with initial pain reported that pain spread to other locations, with 64% reporting spread to more than one location (average of 2.5 locations, SD ¼ 1.6), and 16.7% indicated progression to widespread pain. The most common symptoms associated with both initial and pain spreading were stiffness, difficulty walking, muscle spasms, and muscle weakness.
Current Pain
At the time of survey completion, respondents reported an average pain rating of 4.4 (SD ¼ 2.7). Although still a moderate level of pain, current pain was rated less intense compared to initial pain levels (P < 0.001). Respondents diagnosed with kyphosis, degenerative disc disease, early osteoarthritis, and dural ectasia reported greater current pain levels compared with those without these diagnoses (P's 0.01). Those with joint hypermobility and scoliosis did not report greater current pain levels compared to those without respective symptoms as reported in Table III. Of respondents experiencing pain, two thirds (66.5%) reported that over the 7 days prior to survey completion, pain occurred greater than 50% percent of the time with the majority of participants describing pain as discomforting or burdening. As 90.3% reported experiencing sudden increases in pain with 76.4% describing their worst pain as horrible or excruciating. Physical stress was the most common trigger of pain exacerbation followed by standing, work, exercise, cold weather, emotional stress, and sitting. The majority of respondents, 70.3%, reported that pain has never remitted since its onset, and only 46.6% of respondents were satisfied with their current pain management. The symptoms associated with current pain are consistent with reports of initial pain including stiffness, difficulty walking, muscle spasms, weakness and increased sensitivity; thus these symptoms do not appear to change over time. Pain quality was also described similarly between onset and current pain; specifically described as aching, sharp, stiff, dull, or throbbing.
Psychological Burden
Assessment of pain severity, pain-related disability, physical functioning, and psychological factors including mental health functioning, pain catastrophizing, insomnia, and depressive symptoms are reported in Table IV , reported by pain subgroup. Physical and mental health scores were lower compared to the US national average of 50 with a standard deviation of 10 for both scales [Gandek et al., 1998 ] and consistent with previous MFS studies [ Rand-Hendriksen et al., 2010] . Participants in our study reported mild levels of depressive symptoms, sleep disturbances, and pain catastrophizing. Participants exhibited a moderate level of painrelated disability. Those who identified pain as an initial symptom of MFS reported significantly worse pain-related disability, pain catastrophizing, and depressive symptoms compared to individuals who did not have pain at onset of MFS. Compared with those without spreading, those individuals reporting that pain had spread from its initial location reported significantly worse pain severity, pain-related disability, physical health functioning, pain catastrophizing, sleep disturbances, and depressive symptoms (P's 0.01). Individuals with pain reported poor mental health functioning, without differences between the various pain subgroups. The unemployed had significantly greater severity across all psychological factors. Table V shows correlations between pain and psychological burden. Spearman's bivariate correlations showed an association between pain severity and every psychological factor (P's 0.01). Psychological factors were also highly intercorrelated (P's 0.01). There was no association with years of MFS diagnosis and pain severity (r s ¼ À0.10, P ¼ 0.18) or pain-related disability (r s ¼ À0.03, P ¼ 0.72).
Multivariate Correlates of Pain and Pain-Related Disability
Pain severity. Older individuals had increased pain severity when controlling for physical health and other demographic variables (see Table VI ). Physical health independently accounted for 26% of the variance in pain severity. After controlling for demographic and physical health-related factors, pain-related disability, and pain catastrophizing were the only significant independent psychological variables associated with pain severity.
Pain-related disability. Females, older individuals, and the unemployed had increased pain-related disability (see Table VII ; P's 0.01). Physical health functioning was most strongly associated with pain-related disability, accounting for 39% of the variance when controlling for demographic characteristics. Even after controlling for demographic and physical health-related variables, mental health functioning remained significantly associated with pain-related disability.
DISCUSSION
This study sought to determine the clinical and psychological factors associated with pain and pain-related disability in MFS. Our results suggest that pain is a significant problem for these individuals, with pain averaging in the moderate range, and the majority report unremitting pain (70.3%). Similar to previous findings, the most common site for pain was in the lower back, [Nelson et al., 2015; Rao et al., 2016] yet pain frequently spreads to numerous locations and becomes widespread for a subset of individuals. While physical health is the largest predictor of pain severity and pain-related disability, we find that pain catastrophizing and worse mental health functioning are significant correlates of either pain or pain-related disability, as has been demonstrated in numerous other painful conditions.
A unique contribution our findings make to the existing literature is the observation that individuals whose pain began early in the course of MFS have greater burden. This burden includes greater pain-related disability, pain catastrophizing, and depressive symptoms. Given the burden of pain to MFS patients [Rao et al., 2016] , the impact throughout a patient's lifespan is substantial and affects emotional functioning, including fatigue [Bathen et al., 2014] , sleep quality [Verbraecken et al., 2002] , and social functioning [Peters et al., 2002] . We find that the participants who reported pain as a presenting symptom, as well as those who reported progression of pain to new locations, had profoundly worse psychological burden. As with other pain conditions, numerous studies have demonstrated that individuals with MFS report poor sleep, depressive symptoms, and worse mental health related factors [Peters et al., 2001b; Verbraecken et al., 2002; RandHendriksen et al., 2010; Velvin et al., 2015a; Rao et al., 2016] . These symptoms are in part due to pain in MFS and consistent with the widely recognized overlap between pain and psychological burden in chronic musculoskeletal conditions. Given the stark differences in psychological burden for MFS individuals who had pain at syndrome onset and for individuals whose pain has spread since onset, additional investigation is needed to better understand the experience of pain in MFS, and to identify factors that predict the spread of pain and whether early intervention can mitigate longterm burden.
Many people who experience chronic pain also report disability in daily life related to their pain, including changes in activities of daily living, difficulties with mobility and ambulation, and changes in sleep and sexual activity. Our sample of individuals with MFS showed the expected relationship between greater pain-related disability and both worse mental health functioning and greater depressive symptom severity. Only worse mental health functioning (SF-12) predicted pain-related disability in multivariate analyses, independent of unemployment, physical health, and pain severity. The high correlation between depressive symptoms and mental health score (r s ¼ À0.73) and lack of independent effect of depressive symptoms in the final multivariate model suggests that mental health factors other than depressive symptoms (e.g., anxiety) may be contributing to pain-related disability. Mesfin et al. [2013] previously reported that the presence of dural ectasia in MFS was not associated with a significant increase in pain-related disability (ODI) scores over a 10-year period. However, ours is the first study to report an association with pain-related disability using ODI and mental health in the MFS population.
Ratings of the severity of pain in MFS correlated with pain catastrophizing, an exaggerated negative cognitive-affective response to anticipated or actual pain that is associated with worse pain-related outcomes [Sullivan et al., 2001; Edwards et al., 2006; Quartana et al., 2009] . These scores were higher in various subgroups, including those reporting pain, those reporting pain at the time symptom onset, and those who had pain that spread from the initial site of pain. As is typically seen in other groups with chronically painful conditions, scores on pain catastrophizing were highly correlated with scores on the depressive symptom checklist (r s ¼ 0.67). The multivariate analyses confirmed the association with pain severity, even when unemployment, pain-related disability, depressive symptoms, and other potential covariates were controlled. While these are the first data in the literature on pain-related catastrophizing in MFS, previous reports indicate convergent effects. Peters et al. [2001b] demonstrated that chronically sore joints are associated with negative views of MFS and De Bie et al. [2004] showed pain severity is associated with greater psychological burden. Overwhelming evidence identifies catastrophizing and depressive symptoms as key risk factors for poor prognosis in patients with musculoskeletal pain conditions [Burns et al., 2003a,b; Edwards et al., 2011; Linton et al., 2011] . Depression and catastrophizing have been associated with greater pain severity among individuals with fibromyalgia, rheumatoid arthritis, osteoarthritis, and spinal pain. [Bousema et al., 2007; Rosemann et al., 2008; Wolff et al., 2008; Sullivan et al., 2009] .
Our results indicate that pain severity, quality of pain, and associated symptoms of pain are retrospectively described as constant over the course of MFS. Significant improvements in life expectancy [Silverman et al., 1995; Willis et al., 2009] have transitioned focus on understanding pain and other symptoms in order to optimize quality of life [Velvin et al., 2016] . Similar to previous reports, pain quality is most frequently described as aching, sharp, stiff, dull, or throbbing [Nelson et al., 2015] . The most common symptoms associated with pain include stiffness, difficulty walking, muscle spasms, weakness, and increased sensitivity; thus the number of pain sites increases over the course of MFS, but pain quality does not change. The high prevalence of back pain in MFS has been associated with symptoms including scoliosis, dural ectasia, and vertebral body erosions [Ahn et al., 2001; Foran et al., 2005] . In our sample, participants with symptoms including dural ectasia, degenerative disc disease, kyphosis, and early osteoarthritis reported greater pain severity compared to participants without these symptoms.
A strength of our study was the moderate sample size and use of validated tools as outcome measures. Our overall incidence of symptoms of MFS, and reports of pain were consistent with previous reports supporting the generalizability of our study to individuals with MFS. One limitation of our methodology is the use of an anonymous online survey. We did not confirm diagnoses with a physician or medical records, but we did exclude in analyzes those who did not report a family history of MFS and did not report diagnoses by physical exam, cardiac or ophthalmologic exam. Use of an online survey may increase selection, classification, and respondent biases. In particular, our participants likely do not represent the worldwide MFS population, as our sample required internet access and is predominantly North American (90%) and Non-Hispanic white. Studies indicate that ethnicity and sociocultural factors influence the experience of pain leading to differences in pain perception, self-care behaviors, and preferences for pain management [Merry et al., 2011; Campbell and Edwards, 2012] . As MFS affects all ethnic groups and both sexes, cross-cultural differences on the impact of pain in MFS are not adequately examined based on our survey participants. Additionally, individuals with low literacy or psychiatric diagnoses, such as depression, may have less ability, motivation, or interest in taking an online survey and may therefore be under-represented. Finally, as this is a crosssectional analysis we were unable to determine the temporal relationship or directionality of pain and psychological factors. Longitudinal studies are needed to evaluate the progression and natural history of pain manifestations in MFS and further studies are indicated to determine reproducibility of data using data from medical records.
CONCLUSION
Pain is a significant problem for individuals with MFS and is associated with profound disability and psychological burden. Pain may occur from the onset of MFS and frequently progresses throughout the body. Almost half of participants indicated that they had not had a pain diagnosis. This implies that a significant number of MFS patients may experience chronic pain but have not been evaluated and as a result not been afforded effective treatment. A possible reason for this is the fact that the musculoskeletal manifestations of MFS are less life threatening and as such receive less attention. Given the numerous and persistent pain experiences in this syndrome, MFS should be considered a chronic pain condition. With the growing population of older MFS patients the burden of chronic pain will become important and require treatment.
Longitudinal prospective studies are needed to better characterize the directionality of pain and psychological factors in individuals with MFS. Overwhelming evidence suggests that psychological factors can serve as prognostic indicators of enhanced disease progression, worsening physical disability, and reduced quality of life [Bousema et al., 2007; Edwards et al., 2011] , while the perception of pain also promotes decrements in psychological functioning [Rosemann et al., 2008] . Given the substantial evidence that pain contributes to reduced physical and mental health in MFS, pain should be assessed at diagnosis and continuously monitored throughout the course of MFS. Pain management and psychological interventions are important considerations in the care of patients with MFS and should be included in a multidisciplinary approach in this patient population.
